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BACKGROUND OF THE INVENTION

The present invention relates to an information processor and an information

processing system which are controlled by clock signals. More particularly, the

present invention pertains to an information processor and an information processing

20 system which are suitable for reducing the clock cycle in order to achieve a high-

speed information processing operation.

A first type of conventional information processor controlled by a clock signal

is shown in Fig. 2. The reference numeral 201 denotes a clock oscillator which

delivers an original clock signal, while the numeral 202 denotes a clock generator

25 which receives the original clock signal 21 1 and generates clock signals 212

required to control logic devices 203 to 206. The reference numeral 213 denotes
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means for interfacing the logic devices which are controlled by the clocks 212 so as

to operate in timed relation to each other.

As the clocks 212 used to control logic devices, it is common practice to

employ multi-phase clocks, generally two- or four-phase clocks, which are different in

5 phase from each other. Examples of multi-phase clocks are shown in Figs. 4 to 6.

Fig. 4 shows so-called non-overlap two-phase clocks which have respective time

intervals t| and t2 during which both of the clocks are at a low level. Fig. 5 shows

overlap clocks having a duty cycle of 50% which are substantially 90° out of phase

with each other. Fig. 6 shows four-phase clocks having a relatively short pulse width

10 which are substantially 90° out of phase with each other. These clocks are selected

in accordance with the form of the logic circuit that constitutes each individual logic

device, or with the logic device designing method.

These multi-phase clock signals are generated in the clock generator 202 on

the basis of the clock 211 and distributed to the logic devices. No processing of

15 clock signals is carried out in the logic devices. Exchange of data between the logic

devices is effected synchronously with the clock signal 211.

The first problem of this prior art approach is that the multi-phase clock signals

212 must be distributed throughout the information processor. For this reason, the

clock skew is usually increased, and the duty cycle of each clock signal is offset from

20 the desired value. This problem is particularly serious when the machine cycle is

improved, or reduced, in order to achieve a high-speed information processing

operation and the frequency of the multi-phase clock signals 212 is raised. In other

words, the greater part of the machine cycle must be spared for the clock skew. On

the other hand, the advantage of this prior art approach is that, since one set of

25 multiphase clock signals 212 are distributed throughout the information processor,
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exchange of data between the logic devices can be effected synchronously.

Fig. 3 shows a second type of conventional information processor that employs

a clock signal. The reference numerals 301, 302 respectively denote clock

oscillators, 311, 312 original clock signals, 303, 304 information processing units

5 controlled by the clock signals 311, 312, respectively, and 313 an interface employed

between the information processing units 303 and 304. This information processor

comprises two information processing units which have their respective clock

oscillators 301 and 302. A clock generator which processes an original clock signal

to generate multi-phase clock signals such as those shown in Figs. 4 to 6 is provided

10 inside each information processing unit. Exchange of data between the information

processing units 303 and 304 is effected asynchronously through the interface 313.

The arrangement of the second prior art approach is often found in

microprocessor systems or the like. Each information processing unit corresponds

to an LSI chip. The first problem of this prior art approach is that, since the two

15 information processing units are controlled by two different clock signals, the

information processing units must be interfaced asynchronously. An asynchronous

interface needs to synchronize asynchronous signals and is therefore lower in speed

than a synchronous interface. This problem is particularly serious when it is desired

to produce a high-speed system in which exchange of data between information

20 processing units is effected a great deal. However, this prior art approach has the

advantage that the generation of clock signals is effected inside each information

processing unit and, since the clock signals are distributed within one information

processing unit, the clock skew can be minimized.

The second problem of this prior art approach is that it is necessary to supply

25 a high-frequency original clock signal from the outside of each information
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processing unit in order to generate clock signals having a correct duty cycle, it is

general practice to frequency-divide an original clock signal inside an information

processing unit. Therefore, in the case where the input frequency is halved and the

machine cycle is 40 MHz, an original clock signal of 80 MHz must be supplied

externally. If a packaged LSI chip is considered to be used as a piece of hardware

constituting an information processing unit, it is difficult to supply such an original

clock signal from the outside. As the machine cycle is reduced, this problem

becomes increasingly serious.

Figs. 7 to 9 show in combination a third type of conventional information

processor controlled by a clock signal. This system is discussed in "Asynchronous

Approach for Clocking VLSI Systems" (IEEE Journal of Solid-State Circuits Vol. SC-

17, pp. 51 56).

Fig. 7 shows the general arrangement of the prior art approach. The

reference numeral 701 denotes an oscillator for delivering a clock signal 71 1, and

702 a frequency divider which divides the frequency of the clock signal 71 1 by N.

Information processing units 703 and 704 are supplied with both clock signals 71

1

and 712. The numeral 713 denotes an interface circuit provided between the

processing units 703 and 704.

Fig. 8 shows the internal arrangement of the information processing unit 703.

The reference numeral 801 denotes a PLL (Phase Lock Loop) circuit which delays

the clock signal 71 1 so that it is in a specific phase relation with the clock signal 712.

The PLL circuit 801 delivers a clock signal 811 for controlling a logic device 802. On

the other hand, the clock signal 712 is a clock obtained by dividing the frequency of

the clock 71 1 by N, as described above, and it is employed to control an interface

circuit 803. More specifically, the logic device inside the information processing unit
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is controlled by the high-speed clock signal 71 1, while the communication between

the information processing units in which it takes a relatively long time to effect signal

propagation is controlled by the low-speed clock 712.

In the case where two different kinds of clock signal are employed, exchange

of data between the interface circuit 803 and the logic device 802 involves a problem

which is known as metastability. This problem will be explained with reference to

Fig. 9. Let us consider the case where data is delivered from the interface circuit

803 to the logic device 802. It is assumed that an edge trigger type flip-flop is used

to constitute an interface 713. In the interface circuit 803, when the clock signal 712

rises from a low level, which is a first potential level, to a high level, which is a

second potential level, data is taken in from the interface 713 and delivered to the

logic device 802 through a signal bus 812. In the logic device 802, when the clock

signal 81 1 rises from a low level to 4 high level, the data delivered is taken in. If the

phase relationship between the clock signals 712 and 81 1 is shifted due to a skew

such that the rise of the clock 712 overlaps the vicinity of the rise of the clock 81

1

(i.e., the portion denoted by the reference symbol tc in Fig. 9), the input of the flip-flop

in the logic device is unstable when it is hit by the clock signal 81 1 , resulting in the

phenomenon that no output is determined in the flip-flop for a long period of time.

This phenomenon is called metastability.

In order to avoid the above-described metastability, in this prior art, the PLL

circuit 801 is inserted as shown in Fig. 8 to fix the phase relationship between the

clock signals 71 1 and 712 as shown in Fig. 9.

The first problem of the third prior art approach is that the high-speed clock

signal 711 must be supplied from the outside of the information processing unit. The

second problem is that no consideration is given to the clock duty cycle used inside



the information processing unit.

A fourth type of conventional information processor controlled by a clock

signal, that is, "A 130 K-Gate CMOS Mainframe Chip Set" ISSCC 87, SESSION VIII,

pp. 86 - 87, 1987, which is a semiconductor integrated circuit device having logic

circuits controlled by clock signals, is shown in Fig. 42.

In Fig. 42, the reference numeral 1 denotes a semiconductor integrated circuit

device, 2 a pad, 3 an input buffer, 201 to 203 first-stage clock buffers, 211 to 219

second-stage clock buffers, and 221 to 226 logic circuit blocks controlled by clock

signals.

An external clock signal 10 input to the pad 2 is formed into an internal clock

signal 1 1 through the input buffer 3. The clock signal 1 1 is distributed by the first-

stage clock buffers 201 to 203 in the form of clock signals 231 to 233, and these

signals are further distributed by the second-stage clock buffers 21 1 to 219 in the

form of clock signals 241 to 249 to control the logic circuit blocks 221 to 226.

In the fourth prior art approach, logic circuit blocks which are present

throughout a semiconductor integrated circuit device and which are controlled by

clock signals are divided into a plurality of blocks and a clock buffer is provided for

each of the divided logic circuit blocks to supply a clock signal thereto, thereby

enabling a reduction in the load which is driven by each clock buffer. Accordingly, it

is possible to reduce the delay in signal transmission from the reception of the

external clock signal to the generation of the clock signal for controlling each internal

logic circuit.

In the fourth prior art, logic circuit blocks on a semiconductor integrated circuit

are divided into a plurality of blocks and a clock buffer is provided for each of the

divided logic circuit blocks, as described above. More specifically, in the



arrangement shown in Fig. 42, the clock signals 241 and 248 which control the logic

circuit blocks 221 and 226, respectively, are formed from the internal clock signal 1

1

through the buffers 201 , 21 1 and 203, 218, respectively. Thus, the clock signals for

controlling the logic circuit blocks are supplied from the respective buffers which are

different from each other, and therefore variations in delay time among the buffers

due to the difference in driving capacity between the buffers, variations in load to be

driven thereby, and variations in production of elements constituting the buffers

result in a clock skew. An excessive clock skew may cause errors in exchange of

signals between the logic circuit blocks.

A fifth type of conventional information processor controlled by a clock signal,

that is, "A 15MIPS 32b Microprocessor" ISSCC 87, SESSION II, pp. 26 - 27, 1987,

which is a semiconductor integrated circuit device having logic circuits controlled by

clock signals, is shown in Fig. 43.

In Fig. 43, the same elements or portions as those in Fig. 42 are denoted by

the same reference numerals. The numeral 4 denotes a clock internal buffer, 301 a

clock driver, and 31 1 to 318 logic circuit blocks controlled by clock signals.

The external clock signal 10 input to the pad 2 is formed into an internal clock

signal 1 1 through the input buffer 3. The clock signal 1 1 is formed into a clock signal

321 through the clock internal buffer 4 and then input to the clock driver 301 , from

which clock signals 322 are supplied to the logic circuit blocks 31 1 to 318 through a

net-like signal wiring 322 laid throughout the semiconductor integrated circuit device

to control the logic circuit blocks 31 1 to 318.

In the fifth prior art approach, all the logic circuit blocks which are present

throughout the semiconductor integrated circuit device and which are controlled by

clock signals are supplied with clock signals from a single clock driver. Therefore, it
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is possible to eliminate the phase shift, that is, skew, of the clock signals among the

logic circuit blocks and hence eliminate errors in exchange of signals (data and

information) between the logic circuit blocks.

In the fifth prior art approach, however, clock signals for controlling all the

logic circuit blocks on the semiconductor integrated circuit device are supplied from a

single clock driver as described above. Therefore, the clock driver 301 must drive a

load of about 200 to 300 pF which consists of the net-like signal wiring 322 laid

throughout the semiconductor integrated circuit device and the logic circuit blocks

31 1 to 318 as objects of control. Accordingly, the delay in activation of the clock

driver 301 is increased. In addition, since the time required for the clock signal 322

to rise or fall is also increased, the current flowing through the logic circuits in the

logic circuit blocks 31 1 to 318 which are activated in response to the clock signal 322

is increased, disadvantageously. Even if the driving capacity of the clock driver 301

is increased, the above-described problems cannot be solved because, if the high

load (200 to 300 pF) is driven at high speed, a large noise is generated in power

supply and grounding lines around the clock driver 301 , causing a mal-operation.

SUMMARY OF THE INVENTION

It is a first object of the present invention to synchronize clock signals among

a plurality of information processing units inside an information processor.

It is a second object of the present invention to supply each information

processing unit with a clock signal having a minimized clock skew and a precise

duty cycle.

It is a third object of the present invention to avoid the supply of a high-

speed clock signal from the outside of an information processing unit.



9

It is a fourth object of the present invention to reduce the clock, skew, the

clock delay time and the clock rise and fall time inside semiconductor integrated

circuit devices having logic circuits controlled by clock signals.

It is a fifth object of the present invention to provide a clock driver which is

5 capable of coping with the need for high-speed and high-frequency clock signals.

One feature of the present invention resides in an information processing

system having an original clock oscillator for delivering at least one original clock

signal K defined as a first clock signal and a plurality of information processing units

supplied with the original clock signal K1f wherein each of the information

10 processing units comprises a clock generating means for generating at least one

second clock signal Ki which is phase-locked with the original clock signal K and

which has a predetermined duty cycle and a logic device whose operation timing is

controlled by the second clock signal Ki, and the operation timing of an interface

provided between at least one pair of logic devices is synchronously controlled by

15 the clock signal

The clock signal Ki that is generated inside each information processing unit

is phase-locked with the original clock signal K. Accordingly, the clock signal Ki

inside a certain information processing unit can be phase-locked with the clock

signal Ki inside another information processing unit through the original clock signal

20 K.

Since each information processing unit incorporates a clock generating

means for generating at least one second clock signal Hd which is phase-locked

with the original clock signal K and which has a predetermined duty cycle, it is

possible to supply an internal element of each information processing unit with a

25 clock signal having a minimized clock skew and a precise duty cycle.
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Although the clock generating means phase-locks the original clock signal K

and the internal clock signal K1( the frequency of the original clock K is not required

to be equal to nor higher than the frequency of the internal clock signal Ki.

Accordingly, it is possible to avoid the supply of a high-speed clock signal from the

outside of each information processing unit in an information processor consisting

of a plurality of information processing units in which the frequency of the internal

clock signal Ki is raised in order to achieve a high-speed operation.

Another feature of the present invention resides in an information processor

having logic circuits controlled by clock signals, wherein a parallel circuit of tri-state

circuits is used as a clock driver circuit for supplying the clock signals. More

specifically, all the logic circuits which are controlled by clock signals are supplied

with the clock signals which are output from the parallel circuit of tri-state circuits,

and the tri-state circuits are disposed at the peripheral portion of the information

processor. Further, the information processor has a tri-state control circuit arranged

such that, when a diagnostic operation is conducted, the control circuit activates only

one of the tri-state circuits constituting the parallel circuit and places the other tri-

state circuits in a high-impedance state, whereas, when the information processor is

operative in any mode other than the diagnostic mode, the control circuit allows all

the tri-state circuits to be activated.

Since all the logic circuits in the information processor which are controlled by

clock signals are supplied with clock signals which are output from a parallel circuit

of tri-state circuits, it is possible to eliminate the skew of clock signals among the

logic circuits. Further, when a diagnostic operation is conducted, the tri-state control

circuit activates only one of the tri-state circuits constituting the parallel circuit and

places the other tri-state circuits in a high-impedance state, and it is therefore
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possible to check the operation of any one of the tri-state circuits of the parallel

circuit. Accordingly, it is possible to check the operation of all the tri-state circuits.

Thus, since all the logic circuits in the information processor are supplied with clock

signals by means of the parallel circuit of tri-state circuits, the load which needs to be

driven by each of the tri-state circuits is minimized, and it is therefore possible to

reduce the delay time and shorten the rise and fall time of the clock signals. Since

the tri-state circuits constituting the parallel circuit are disposed at the peripheral

portion of a semiconductor integrated circuit device formed by fabricating the

information processor on a single semiconductor substrate, the noise generated in

power supply and grounding lines when the tri-state circuits supply clock signals is

dispersed throughout the semiconductor integrated circuit device, and therefore no-

mal-function of the logic circuits occurs.

Thus, since it is possible to minimize the clock skew, reduce the delay time of

clock signals and shorten the clock rise and fall time in an information processor

having logic circuits controlled by clock signals, it is possible to reduce the time

margin for prevention of a malfunction due to clock signals in the information

processor and hence raise the frequency of the external clock signal.

The above and other objects, features and advantages of the present

invention will become apparent from the following description of the preferred

embodiments thereof taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram of an information processing unit in one embodiment

of the present invention;

Figs. 2 and 3 are block diagrams showing prior arts, respectively;
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Figs. 4 to 6 are timing charts employed to describe prior arts;

Figs. 7 and 8 show in combination another prior art;

Fig. 9 is a timing chart employed to describe the prior art shown in Figs. 7 and

8;

Figs. 10 and 1 1 are block diagrams showing the general arrangement of one

embodiment of the present invention;

Fig. 12 shows the arrangement of a logic device in accordance with one

embodiment of the present invention;

Fig. 13 is a timing chart showing the operation of the logic device shown in

Fig. 12;

Figs. 14 and 15 are timing charts showing the operation of a clock generator

in one embodiment of the present invention;

Figs. 16 to 28 are block diagrams and timing charts employed to describe the

clock generator in one embodiment of the present invention;

Figs. 29 and 30 are views employed to describe the interface used between

information processing units in one embodiment of the present invention;

Figs. 31 to 40 show in combination one example of the arrangement of one

embodiment of the present invention;

Fig. 41 shows the general arrangement of one embodiment of the present

invention;

Figs. 42 and 43 show prior arts, respectively;

Figs. 44, 45 and 47 show in detail the arrangement of the embodiment shown

in Fig. 41

;

Fig. 46 is a chart showing various states of the arrangement shown in Fig. 45;

Fig. 48 is a time chart showing the operation of the arrangement shown in Fig.
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47;

Fig. 49 shows the general arrangement of another embodiment of the present

invention;

Figs. 50 and 51 show in detail the arrangement of the embodiment shown in

Fig. 49; and

Fig. 52 is a time chart showing the operation of the arrangement shown in Fig.

51.

DETAILED DESCRIPTION OF THE EMBODIMENTS

One embodiment of the present invention will be described hereinunder.

Fig. 10 shows the general arrangement of an information processor in

accordance with one embodiment of the present invention. The reference numeral

1001 denotes an original clock oscillator, 1011 an original clock, 1002, 1003

information processing units, and 1012 an interface used to exchange data between

the information processing units.

Although there may be various kinds of information processor to which the

present invention may be applied, in this embodiment a computer CPU which

comprises an ultra-speed VLSI will be taken by way of example to describe the

present invention. Although an information processor generally consists of a plurality

of information processing units, the information processor in this embodiment is

assumed to be composed of two information processing units for simplification.

An information processing unit is composed of elements which are combined

together in terms of logical function and hardware so as to constitute a part of an

information processor. As a hardware structure, one information processing unit

may be a board having a plurality of LSI packages mounted thereon, or may be
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formed on a single semiconductor substrate, that is, one LSI, or may be a part of one

LSI. In the case of wafer-scale integration, one information processing unit may be

one block on a wader defined by a single semiconductor substrate. It is assumed in

this embodiment that an information processing unit is a single packaged VLSI.

In regard to this embodiment of the present invention, description of only the

interface used between the information processing units 1002 and 1003 will suffice,

and the present invention is not directly concerned with the kind of processing

assigned to the information processing units. Therefore, detailed description thereof

is omitted, and the following two cases are exemplarily shown: 1 ) Fig. 34 shows one

example of the arrangement in which the information processing unit 1002 is defined

as a BPU (Basic Processing Unit) which performs decoding of commands and

processing of basic commands, while the information processing unit 1003 is defined

as an FPU (Floating Processing Unit) which executes floating-point arithmetic. The

reference numerals 101 and 3401 denote clock generators in the information

processing units 1002 and 1003, respectively. The numerals 102, 3406 denote logic

devices, respectively, each of which subjects an input signal to a desired logical

operation to output an output signal, 3402, 3404 bus controllers constituting interface

means, 3403 a register MAR (Memory Address Register) which holds a memory

address, 3405 a register MDR (Memory Data Register) which holds memory data,

and 3407 a memory. The numeral 3410 denotes an address bus, 341 1 a data bus,

and 3412 a control signal bus. The numeral 3419 denotes a signal line which

informs the logic device 3406 of the kind of command for floating-point arithmetic

which is to be processed.

In this example, the logic device in the FPU 1003 has no address computation

function and functions as a so-called co-processor. The operation of the illustrated
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arrangement will next be explained in regard to loading of floating-point data to the

FPU from the memory by way of example. The logic device 102 in the BPU 1002

decodes a floating-point arithmetic command and delivers the kind of command to

the FPU 1003 through the signal 3419. On the other hand, the logic device 102

5 computes and sets a memory address in the MAR 3403 through a signal 3418.

Further, the logic device 102 delivers a memory read start command to the bus

controller 3402 through a signal 3415. In synchronism with a clock 3420, the bus

controller 3402 controls the MAR 3403 through a signal 3413 so that the content of

the MAR 3403 is delivered to the address bus 3410. The bus controller 3402 further

10 delivers the control signal 341 2 for controlling the memory 3407.

On the other hand, the bus controller 3404 in the FPU 1003 receives the

control signal 3412 and delivers a data read signal 3414 to the MDR 3405 at the

timing at which the memory 3407 outputs data to the data bus 341 1 . After operand

data has been input to the MDR 3405, the bus controller 3404 delivers an operand

15 read end signal 3416 to the logic device 3406. The loaded operand data is delivered

through a signal 3417.

2) In a second example, the information processing unit 1 is defined as a master

BPU, while the information processing unit 2 is defined as a slave BPU. In other

words, the information processing units 1 and 2 are employed to constitute a

20 computer having a double BPU arrangement for the purpose of improving reliability.

The slave BPU has the same function as that of the master BPU and operates

synchronously with it. When the master BPU writes data into a memory, the slave

BPU takes the data into its own chip to compare it with its own data. If these two

data items are discordant with each other, the slave BPU informs the master BPU of

25 the discordance.
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Fig. 29 shows the above-described arrangement. The reference numeral

2900 denotes a memory. The numerals 2901 to 2905 denote interface signals, in

which: 2901 denotes an address bus; 2902 denotes an address strobe signal; 2903

denotes a data bus; 2904 denotes a read/write signal; and 2905 denotes a signal

used when the slave BPU informs the master BPU of an error. The numeral 2906

denotes a signal arranged such that, when it is at a high level, the information

processing unit concerned is recognized to be the master, whereas, when the signal

2906 is at a low level, the information processing unit concerned is recognized to be

the slave.

Fig. 30 is a timing chart showing the operation of the above-described

embodiment. Since both the information processing units operates synchronously

with each other, when the master BPU is writing data, the slave BPU also has a write

address and write data. The memory cycle increases by an amount corresponding

to the clock skew between the chips.

The oscillator 1001 will next be explained. The oscillator 1001 delivers an

original clock signal 101 1 . The original clock signal 101 1 may be a multi-phase

signal, but, in this embodiment, it is a single-phase signal. The duty cycle of the

original clock signal 101 1 is not necessarily needed to be 50%, which is a

characteristic feature of the present invention.

The oscillator 1001 may be incorporated in the information processing unit 1

for convenience. In such a case, the arrangement may be such as that shown in

Fig. 11. The reference numeral 1 100 denotes a VLSI chip having both the

information processing unit 1002 and the oscillator 1001 on the same one

semiconductor substrate. The numeral 1 101 denotes a crystal oscillator. Since the

chip 1 100 itself also takes in the oscillator output 101 1 which has once been output
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to the outside of the chip 1 100, the relationship between the original clock signal and

the information processing units 1 , 2 is the same as that in the arrangement shown

in Fig. 10. In the arrangement shown in Fig. 1 1 , it is unnecessary to provide an

external oscillator since the chip 1 100 incorporates the oscillator 1001 , and it is

5 therefore advantageously possible to reduce the size of the hardware arrangement.

Fig. 1 shows the internal arrangement of the information processing unit 1002

shown in Fig. 10. The reference numeral 101 denotes a clock generator, 111 multi-

phase clock signals, 102 a logic device, 103 an interface circuit, and 112 a signal

bus provided between the logic device 102 and the interface circuit 103. The clock

10 generator 101 generates multi-phase clock signals 1 1 1 including at least two, that is,

second and third, clock signals on the basis of an external original clock signal 1011

and delivers the clock signals 1 1 1 to both the logic device 102 and the interface

circuit 103. There are various kinds of multi-phase clock signal as shown in Figs. 4

to 6. In this embodiment, the multi-phase clock signals 111 are assumed to be non-

15 overlap two-phase clock signals Ki and K2 shown in Fig. 4.

The logic device 102 shown in Fig. 1 will next be explained. The logic device

102 is controlled by the two-phase clock signals and K2 . The logic device 102

may be constituted by various kinds of logic element including inverters, basic gates,

for example, a two-input inverter NAND gate or the like, flip-flops, a programmable

20 logic array (PLA), a ROM, a RAM, etc. A PLA will be taken by way of example to

describe the way in which the clock signals K, and K2 are used and what is required

for the clock signals Ki and K2 when the machine cycle is reduced.

Fig. 12 is a circuit diagram of a PLA which is controlled by the two-phase

clock signals Ki and K2 while Fig. 13 is a timing chart showing the operation of the

25 PLA shown in Fig. 12.
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Referring to Fig. 12, the reference numerals 1201 to 1207 denote PMOS

transistors for precharging wirings 1229 to 1235, respectively, 1209 to 1212 and

1219 to 1221 clocked inverters, 1213 to 1218 and 1240, 1241 inverters, and 1222 to

1228 two-input NOR circuits. The reference symbols X, Y and Z denote inputs, while

the symbols L, M an N denote outputs. This PLA realizes the following logical

operations:

L=X+Y-Z

M=X-Z+X-Y

N=Y-Z+X-Z

As shown in Fig. 13, when the clock signal K2 is at a high level, the wiring

1229 is precharged, whereas, when the clock signal Ki is at a high level and X=0,

the wiring 1229 is discharged by an NMOS. On the other hand, when X=1 , the

wiring 1229 is not discharged. When X=0, the wiring 1229 must be discharged

during the period when the clock signal Ki is at the high level, that is, during the

period t3 shown in Fig. 13. When the clock system is designed, the period t3 is set so

that the discharge of the wiring 1229 is completed within the period k even in the

worst case, with consideration given to the fact that the period t3 may be somewhat

narrowed during distribution of clock signals.

On the other hand, the wiring 1235 is precharged when the clock signal Ki is

at the high level, and it is discharged when the clock signal K2 is at the high level,

that is, during the period U. In the same way as in the case of the period t3 , the

period U is also set so that the discharge of the wiring 1 235 is completed within the

period U even in the worst case, with consideration given to the fact that the period

U may be somewhat narrowed during distribution of clock signals.

Since the periods t3 and U are used symmetrically as described above, these
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periods are set so as to be t3=t4. As will be obvious from the foregoing description,

it is important in order to reduce the machine cycle to minimize the fluctuation of the

periods t3 and t», that is, to keep the duty cycle of the clock signals and K2

precise in the logic device 102 shown in Fig. 1.

The clock skew will next be explained. When the wiring 1229 in the

arrangement shown in Fig. 12 is discharged, the output of the inverter 1213

changes from a high level to a low level. If this change has not been completed

before the output of the inverter 1218 changes from a high level to a low level, the

wiring 1233 may be erroneously discharged. Therefore, the period ti shown in Fig.

13 must be greater than a predetermined value. Accordingly, when the clock

system is designed, ti is set so that the above-described mal-operation is not

caused even in the worst case, with consideration given to the fact that the period ti

may be somewhat narrowed during distribution of clock signals. The same is the

case with the period t2 . As will be obvious from the foregoing description, it is

important in order to reduce the machine cycle to minimize the fluctuation of the

periods ti and t2 , that is, the clock skew of the signals and K2 .

To sum up, it is necessary in order to reduce the machine cycle of the logic

device 102 controlled by the clock signals Ki and K2 to minimize the fluctuation of

the duty cycle and the skew of the clock signals.

The clock generator 101 will next be explained. Fig. 14 shows the operation

of the clock generator 101 . The clock generator 101 receives an original clock

signal K and outputs two-phase clock signals Ki and K2 . The duty cycle of the

original clock signal K does not necessarily need to be 50%. The clock signals K,

and K2 are phase-locked with the original clock signal K. The clock signals Ki and

K2 are set so that ti =t2 and t3 = U, as described above. The term "phase lock" is
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herein employed to mean that the phase relationship between the original clock

signal K and the clock signal Ki is constant and, more specifically, the interval

between the rise of the signal K and the rise of the signal K" is constant. In Fig. 14,

the frequencies of the signals K and Ki, K2 are equal to each other. However, the

5 frequencies do not necessarily need to be equal to each other. Fig. 15 shows

another example of the operation of the clock generator 101 . The signals K and Ki

(also K and K2) are phase-locked with each other, but the frequency of the signals

Ki and K2 is twice that of the signal K. This arrangement is preferable because it

becomes possible to maintain at a low frequency the clock signal supplied from the

10 outside of the chip and eliminate the restriction concerning the duty cycle of the

external clock signal while improving the machine cycle inside the chip.

It should be noted that the low level of the original clock signal K defined as a

first clock signal is a first potential level, while the high level of the signal K is a

second potential level, and the low level of the signals Ki and K2 defined as second

15 and third clock signals, respectively, is a third potential level, while the high level of

the signals Ki and K2 is a fourth potential level.

It is preferable that the first and third potential levels be substantially equal to

each other, and the second and fourth potential levels be substantially equal to each

other.

20 The arrangement of the clock generator 101 will be described hereinunder in

detail.

Fig. 1 6 shows one example of the arrangement of the clock generator 1 01

which receives a signal 1011 (the original clock signal K) and generates non-overlap

two-phase clock signals Ki and K2 (corresponding to those shown in Fig. 14) which

25 have the same frequency as that of the signal K and are phase-locked with it as well
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as having a predetermined duty cycle.

A PLL (Phase-Locked Loop circuitry) comprises a closed loop consisting of a

phase comparator 1301, a low-pass filter (hereinafter referred to as "LPF") 1302, a

voltage control oscillator (hereinafter referred to as "VCO") 1303 and a 1/N (e.g., 1/2)

frequency divider 1304. More specifically, a phase difference and frequency

difference between the signals 1011 and 1309 are detected in the phase comparator

1301, and a pulse signal 1306 corresponding to the detected differences is output

from the comparator 1301 to the LPF 1302. The LPF 1302 integrates the signal

1306 to form and output a DC signal (voltage value) 1307 to the VCO 1303. The

VCO 1303 oscillates at a frequency corresponding to the signal 1307 to output a

signal 1308. The frequency divider 1304 halves the frequency of the signal 1308 to

thereby output a clock signal 1309 having a duty cycle 50%. Accordingly, the clock

signal 1309 is phase-locked with the original clock signal 101 1 and allowed to have a

frequency equal to that of the signal 1011 by the PLL. In addition, the clock signal

1309 has a duty cycle of 50% as a result of frequency division effected in the

frequency divider 1304.

The two-phase clock generator 1 305 receives the clock signal 1 309 having a

duty cycle of 50% and outputs non-overlap two-phase clock signals K and K2 . Fig.

1 7 shows one example of the gate-level arrangement of the two-phase clock

generator 1305.

The outputs Ki and K2 of two-input NOR circuits 131 1 and 1312 are cross-

coupled to first inputs of the NOR circuits, and second inputs of the NOR circuits

1311 and 1312 are respectively supplied with complementary signals, that is, an

inverted signal of the clock signal 1309 obtained through an inverter circuit 1310 and

the clock signal 1309.
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Fig. 18 is a waveform chart showing the operation of the arrangement shown

in Figs. 1 6 and 1 7. By the operation of the PLL consisting of the circuit elements

1301 to 1304, the clock signal 1309 which is phase-locked with the original signal

101 1 and has a frequency equal to that of the signal 101 1 is obtained. Accordingly,

5 the oscillation output 1308 of the VCO 1303 before it is frequency-divided in the 1/2

frequency divider 1304 is delayed with respect to the original clock signal 101 1 by a

delay Ato in the frequency divider 1304, so that the frequency of the output 1308 is

twice that of the signal 1011. Since the output 1309 of the frequency divider 1304 is

obtained by halving the frequency of the signal 1308, the output signal 1309 has a

10 duty cycle of 50%. The signal 1 31 3 is delayed with respect to the signal 1 309 by a

delay Ati in the inverter 1310. Since each of the signals Ki and K2 is the output a

two-input NOR circuit, the signal level is high when both the inputs are low in level.

More specifically, when either one of the signals Ki and K2 is at the high level, the

other is infallibly at the low level; there is no possibility of these signals overlapping

15 each other. The signal Ki rises after the signal 1309 has risen and the signal K has

fallen, that is, with a delay which is the sum of the delay ti in the NOR circuit 1312

and the delay t2 in the NOR circuit 1311. On the other hand, the signal K2 rises after

the signal 1309 has fallen and the signal 1313 has risen and the signal Kt has fallen,

that is, with a delay which is the sum of the delay Ati in the inverter 1310, the delay t2

20 in the NOR circuit 131 1 and the delay ti in the NOR circuit 1312. Accordingly, both

the signals Ki and K2 are at the low level during the delay periods t2 and U

concerning the NOR circuits 1311 and 1312, and it is possible to set these delays to

as to be ti = t2 by employing the same circuit configuration for the NOR circuits 1311,

1312 and making the loads of the signals Ki, K2 equal to each other. In regard to the

25 pulse widths (the periods of time during which the signal level is high) t3, U of the
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signals K-i and K2 , the following equations hold:

I
2 = ti + t2 + t3 -

1

2 - Ati

5 =t1+ t3-Ati (1)

I
2 = AU +t2 + t 1 +t4 -ti

10 = t2 + U + Ati (2)

(where T is the period)

From the equations (1) and (2), the following relation is obtained:

15 ti +

1

3 - At1 =t2 + t4 + A^ (3)

Since the inverter 1310 needs to drive the NOR circuit 1311 only and the load

of the signal line 1313 is exceedingly small, the delay At I in the inverter 1310 is so

small that it can be ignored, as compared with the delays t2 and ti in the NOR circuits

1311 and 1312. Accordingly, the equation (3) may be rearranged as follows:

20 t
l

-tf
3
= t2 + 14

Thus, if the delays ti and t2 are set so as to be ti = t2 as described above, then the

pulse widths t3 and U are equal to each other, i.e., t3 = U, so that it is possible to

obtain ideal non-overlap two-phase clock signals. These two-phase clock

signals and K2 are generated on the basis of the signal 1309 synchronously with

25 the original clock signal 101 1 and therefore the phase relationship between the clock

signals Ki, K2 and the original clock signal K is kept constant.

Thus, it is possible to generate clock signals which are phase-locked with the

signal 101 1 (the original clock signal K) and which have a predetermined duty cycle.

In order to minimize the clock skew among a plurality of information

30 processing units, it is preferable to employ clock generators having the same
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arrangement for the respective information processing units.

Fig. 1 9 shows another example of the gate-level arrangement of the clock

generator 1305. In Fig. 19, the same reference numerals as those in Fig. 17 denote

the same portions or functions.

The outputs 1320 and 1321 of two-input NAND circuits 1314 and 1315 are

cross-coupled to first inputs of the NAND circuits through delay circuits 1316 and

1317, respectively, and second inputs of the NAND circuits 1314 and 1315 are

respectively supplied with complementary signals 1309 and 1313. The outputs 1320

and 1321 are output through inverters 1318 and 1319 in the form of two-phase clock

signals Ki and K2 , respectively. Since in this arrangement the output of each two-

input NAND circuit is fed back through a delay circuit, the signal rises after the

signal 1309 has risen and a delay time given through the circuit elements 1310,

1315, 1317, 1314 and 1318 has elapsed. On the other hand, the signal K2 falls after

the signal 1309 has risen and a delay time given through the circuit elements 1310,

1315 and 1319 has elapsed. Accordingly, if the delays in the delay circuits 1316 and

1317 are set so as to be adequately longer than those in the other circuit elements, a

period during which both the signals Ki and K2 are at the low levels can be set in the

delay circuits 1316 and 1317.

Fig. 20 is a waveform chart showing the operation of the arrangement shown

in Fig. 19. The solid lines show waveforms in the case where the delay times set in

the delay circuits 1316 and 1317 are relatively short, while the chain lines show

waveforms in the case w4ere said delay times are relatively long. More specifically,

since the duty cycles of the two-phase clock signals Ki and K2 can be varied by

changing the delay times set in the delay circuits 1316 and 1317, it is possible to

obtain non-overlap two-phase clock signals having any desired duty cycles.
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Accordingly, employment of the circuit having the above-described arrangement

enables the period of time during which both the non-overlap two-phase clock

signals are at the low level to be set at a length adequate to cover the clock skew

generated in the logic device.

Fig. 21 shows one example of the arrangement of the clock generator 101

which receives a signal 1011 (the original clock signal K) and generates non-overlap

two-phase clock signals Ki, and K2 (corresponding to those shown in Fig. 15) with a

predetermined duty cycle which have a frequency higher than that of the signal K

(i.e., a frequency twice that of the latter) and which are phase-locked with the signal

K. In Fig. 21 , the same reference numerals as those in Fig. 16 denote the same

portions or functions.

The arrangement shown in Fig. 21 differs from that shown in Fig. 16 in that

another 1/2 frequency divider 1304 is added to the feedback loop of the PLL so that

the frequency division is effected in two stages, and the output 1323 of the first-stage

frequency divider 1304 is input to the two-phase clock generator 1305.

Fig. 22 is a waveform chart showing the operation of the arrangement shown

in Fig. 21
. Since the PLL effects feedback through two 1/2 frequency dividers

connected in series, the output 1322 of the VCO 1303 has a frequency 4 times that

of the signal 1011. Since the output 1 323 of the first-stage frequency divider 1 304

has been frequency-divided by two, the duty cycle of the output 1323 is 50%, and it

is therefore possible to obtain a clock signal which has a frequency twice that of the

signal 101 1 and which is out of phase with the signal 101 1 by an amount

corresponding to the delay Ato in the second-stage frequency divider 1304.

Receiving the output 1323, the clock generator 1305 outputs non-overlap two-phase

clock signals K, and K2 . Since the clock generator 1305 is capable of generating
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ideal non-overlap two-phase clock signals from a clock signal having a duty cycle of

50% as described above, it is possible in this arrangement also to obtain ideal non-

overlap two-phase clock signals Ki and K2 . Since the phase relationship between

the signals 1323 and 101 1 is constant (with a phase difference of Ato), the phase

5 relationship between the signals Kl K2 and the signal 101 1 is also constant.

Thus, it is possible to generate from an external low-frequency clock signal .

high-frequency clock signals which are phase-locked therewith and which have a

predetermined duty cycle.

Fig. 23 shows one example of the arrangement of the clock generator 101

10 which receives a signal 101 1 (the original clock signal K) and generates overlap four-

phase clock signals K41, K42, K43 and K44 which are phase-locked with the signal K

and which have a predetermined duty cycle. In Fig. 23, the same reference

numerals as those in Fig. 16 denote the same portions or functions. The PLL

comprises a closed loop consisting of the circuit elements 1301, 1302, 1303 and a

15 1/4 frequency divider 1324. Accordingly, the signals 101 1 and 1309 are phase-

locked with each other and have frequencies which are equal to each other. Since

the closed loop in the PLL effects 1/4 frequency division, the VCO 1303 oscillates at

a frequency 4 times the frequency of the signal 101 1 and outputs a clock signal 1322

which is out of phase with the signal 1309, that is, the signal 101 1 , by an amount

20 corresponding to the delay At2 in the frequency divider 1324. Since the signal 1309

is obtained by frequency-dividing the signal 1322, it has a duty cycle of 50%.

The four-phase clock generator 1325 outputs overlap four-phase clock signals

K41, K42, K43 and K44 by shifting 900 the phase of the clock signal having a duty cycle

of 50% by the clock signal 1322 having a frequency 4 times that of the signal 1309.

25 Fig. 24 shows one example of the gate-level arrangement of the four-phase clock
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generator 1325.

Dynamic latches each consisting of a clocked inverter 1327 and an inverter

1328 are connected in series, and these dynamic latches are alternately controlled

by complementary signals, i.e., an inverted signal 1329 of the signal 1322 by an

5 inverter 1326 and the signal 1322, thereby constituting a shift register.

Fig. 25 is a waveform chart showing the operation of the arrangement shown

in Figs. 23 and 24. As described above, the signal 1322 has a frequency 4 times

that of the signal 1011 and a phase difference of At2 with respect to the signal 1011.

The signal 1309 has the same frequency as that of the signal 1011 and is in phase

10 with the latter. The duty cycle of the signal 1309 is 50%. The output 1330 of the

first-stage dynamic latch consisting of the inverters 1327 and 1328 rises in

synchronism with the first rise of the signal 1329 after the signal 1309 has risen, and

falls in synchronism with the first fall of the signal 1329 after the signal 1309 has

fallen. The output K41 of the second-stage dynamic latch consisting of the inverters

15 1327 and 1328 rises in synchronism with the first rise of the signal 1322 after the

signal 1330 has risen, and falls in synchronism with the first fall of the signal 1322

after the signal 1330 has fallen. Accordingly, the signal K41 is delayed in phase with

respect to the signal 1309 by an amount corresponding to one cycle of the signal

1322. This relationship similarly applies to the other pairs of signals K4 1f K42; K42 and

20 K43; and K43, K44. Thus, the signals K41, K42, K43 and K44 are successively delayed in

phase by one cycle of the signal 1322. Since the signal 1322 has a frequency 4

times that of the signal 1 01 1 , the signals K41
,
K42. K43 and K44 are successively 90'

out of phase with each other. In other words, the signals to K44 are ideal overlap

four-phase clock signals. Since the phase relationship between the signals 1322

25 and 101 1 is constant, the signals K41 to K44 which are synchronized with the signal
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1322 have a fixed phase relationship with the signal 101 1

.

Thus, it is possible to generate clock signals which are phase-locked with the

signal 101 1 (the original clock signal K) and which have a predetermined duty cycle.

It should be noted that, since in this arrangement the clock signal 1309 which has

5 the same frequency as that of the signal 101 1 is employed as a signal whose phase

is shifted, and the clock signal 1322 having a frequency 4 times that of the signal

1011 is employed as a signal on the basis of which the phase of the signal 1309 is

shifted, resulting overlap four-phase clock signals have the same frequency as that

of the signal 1011, but the same is the case with the arrangement in which the

10 frequencies of the signals 1 309 and 1 322 are multiples of the frequency of the signal

101 1 . Further, it is possible to obtain multi-phase clock signals having any desired

number of phases by making the number of stages of the shift register constituting

the clock generator 1325 equal to a multiple of the frequency of the signal 1309

which determines the frequency of the signal 1322.

15 Fig. 26 shows one example of the arrangement of the clock generator 101

which receives a signal 101 1 (the original clock signal K) and generates non-overlap

two-phase clock signals and K2 which have the same frequency as that of the

signal K and are phase-locked therewith as well as having a predetermined duty

cycle, the clock generator 101 further enabling such non-overlap two-phase clock

20 signals to be generated directly from the signal 1011. In Fig. 26, the same reference

numerals as those in Fig. 16 denotes the §ame portions or functions.

The arrangement shown in Fig. 26 differs from that shown in Fig. 16 in that a

signal which is to be input to the two-phase clock generator 1305 is selected by a

clocked inverter 1334 controlled by an external signal 1337 and a signal 1338

25 obtained by inverting the signal 1337 through an inverter 1325 in such a manner
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that, when the signal 1337 is high in level, the signal 1309 is input to the clock

generator 1305, whereas, when the level of the signal 1309 is low, the signal 1011 is

input to the clock generator 1305. It should be noted here that, since the clocked

inverter 1334 is employed, the signals Ki and K2 are 1800 out of phase with the

signal 1011.

More specifically, when two-phase clock signals having a predetermined duty

cycle are needed to perform a high-speed operation, these clock signals are

generated on the basis of a clock signal 1309 having a duty cycle of 50%, whereas,

when the logic device is to be subjected to a functional diagnosis with low-frequency

two-phase clock signals as in the case of a testing operation, two-phase clock

signals can be generated directly from the clock signal 101 1

.

Thus, in this arrangement, when an internal device is to be operated at a low

frequency, two-phase clock signals are generated directly from an external clock

signal, whereas, when the internal device is to be operated at a high frequency, two-

phase clock signals can be generated from a clock signal which is synchronized with

the external clock signal and which has a duty cycle of 50%. Accordingly, it is

advantageously possible to limit the oscillation frequency range for the oscillator in

the clock generator. It is also possible to suspend the supply of clock signals and

conduct a DC functional test at the time of diagnosis of the internal logic device. It

should be noted that, although in the above-described arrangement non-overlap two-

phase clock signals which have the same frequency as that of the original clock

signal are generated, said arrangement may similarly apply to the generation of non-

overlap two-phase clock signals having a frequency higher than that of the original

clock signal, the generation of clock signals from an external clock signal which is

different from the original clock signal, and the generation of overlap four-phase
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clock signals, as shown in Figs. 27 and 28. More specifically, in regard to a clock

generator which receives an original clock signal and generates at least one clock

signal which is phase-locked with the original clock signal and which has a predeter-

mined duty cycle, it is possible to obtain the foregoing advantageous effects by

5 changing over a signal generated inside the clock generator and an externally input

signal from one to the other as a signal which is to be input to a circuit which

generates clock signals for controlling a logic device.

Fig. 33 shows one example of the arrangement of the phase comparator 1301

shown in Fig. 21. The reference numeral 3301 denotes inverters, 3302 two-input

10 NANDS, 3303 a four-input NAND, and 3304 a three-input NAND.
c

Figs. 35(a) and 35(b) are a state diagram and a state transition diagram,

respectively, showing the operation of the phase comparator 1301 . The phase

comparator 1301 has eight different states, i.e., a, b, c, d, e, f, g and h. A pair of

values shown in each of the eight circles that show the respective states are the

15 outputs "P, D" of the phase comparator 1301. The values shown beside the arrows

that represent the transitions of the states are the inputs "1011, 1 309M
of the phase

comparator 1301 which cause the respective state transitions. As will be understood

from these figures, the output P of the phase comparator 1301 is raised to a high

level in either the state c or g, whereas, the output D is raised to a high level in either

20 the state e or h. More specifically, in the phase relationship between the inputs 101

1

and 1309 of the phase comparator 1301, when the input 1309 is in retard of the input

1011, the output P is at the high level during the period of time from the rise of the

input 1011 to the rise of the input 1309, whereas, when the input 1309 is in advance

of the input 101 1 , the output D is at the high level during the period of time from the

25 rise of the input 1309 to the rise of the input 1011.
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Fig. 36 is a time chart showing the operation of the phase comparator 1301

.

As will be clear from the description in relation to Figs. 35(a) and 35(b), the output P

is at the high-level during the period when the input 101 1 is at the high level but the

input 1309 has not yet risen. On the other hand, the output D is at the high level

5 during the period when the input 1309 is at the high level but the input 1 101 has not

yet risen. The phase comparator 1301 operates as described above.

Fig. 37 shows one example of the arrangement of the low-pass filter 1302

shown in Fig. 21 , which is a circuit known as a "charge pump". The reference

numerals 1301 and 1302 denote NMOS transistors, 1303 a resistor, and 1304 a

10 static capacitance.

Fig. 38 is a timing chart showing the operation of the low-pass filter shown in

Fig. 37. When the input P is at the high level, NMOS 1301 is ON, and the pulse

current ip flows, resulting in a rise in the potential at the mode 1305. On the other

hand, when the input D is at the high level, the MNOS 1302 is ON, and the pulse

15 current iD flows, resulting in a lowering in the potential at the node 1305. The

potential at the node 1305 is delivered in the form of an output 1307 after being

smoothed through a low-pass filter consisting of the resistor 1303 and the

capacitance 1304. As will be understood from the foregoing description, the circuit

1302 causes a potential change from the potential of the output 1307 in proportion to

20 the respective pulse widths of the inputs P and D.

Fig. 39 shows one example of the arrangement of the VCO 1303 shown in

Fig. 21 . In Fig. 39, the reference numeral 3901 denotes a multivibrator, 3902 a level

shifter, and 3903 a level converter.

In the multivibrator 3901 , NPN transistors 3906 and 3907 which are cross-

25 coupled at the collectors and bases perform a switching operation in such a manner
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that, when either one of the transistors 3906 and 3907 is ON, the other is OFF.

Thus, the NPN transistors 3906 and 3907 constitute in combination a monostable

multivibrator. Resistors 3904 and 3905 are connected to the respective collectors of

the transistors 3906 and 3907 so that a current is supplied thereto from a power

5 supply Vcc through these resistors. The emitters of the transistors 3906 and 3907

are connected to each other through a capacitor 3908 and are grounded through

NMOS transistors 3909 and 391 0, respectively. The gates of the transistors 3909

and 3910 are supplied with a signal 1307 which is the output of the LPF 1302 and

which serves as a control voltage input to the VCO 1303, thus constituting a bypass

10 current source which supplies a current corresponding to the voltage value of the

signal 1307.

The multivibrator 3901 operates as follows. Let us consider first the case

where the transistor 3906 is ON, while the transistor 3907 is OFF. Assuming that the

current supplied by each of the transistors 3909 and 3910 is I, a current 21 supplied

15 by the transistors 3909 and 3910 flows through the resistor 3904, and the current I

supplied by the transistor 3910 from the node 3922 toward the node 3923 flows

through the capacitor 3908. Accordingly, the potential at the node 3920 becomes

lower than Vcc by an amount corresponding to the voltage drop caused by the

resistor 3904, whereas the potential at the node 3921 is pulled up to Vcc by the

20 action of the resistor 3905. Since the transistor 3906 is ON, the node 3922 is placed

at a potential which is lower than that at the node 3921 by VBE of the bipolar

transistor (i.e., the base-emitter voltage required for the bipolar transistor to turn ON,

which is generally about 0.8 V in the case of a Si transistor). Since the current I

flows through the capacitor 3908, if the capacitance of the capacitor 3908 is

25 assumed to be C, the potential between the nodes 3922 and 3923, that is, the



33

potential across the capacitor 3908, is l/C and changes with time. When the

potential the node 3923 is lower than that at the node 3920 by VBe, the-transistor

3907 turns ON, so that the current I which has flowed through the capacitor 3908

now flows through the transistor 3907 via the resistor 3905. In consequence, the

5 potential at the node 3921 lowers by an amount corresponding to the voltage drop

caused by the resistor 3905, and therefore the voltage between the nodes 3921 and

3922 becomes lower than VBe, resulting in the transistor 3906 turning OFF.

In other words, in the multivibrator 3901 , two transistors are alternately

switched. Fig. 40 is a waveform chart showing the operation of the multivibrator

10 3901 . As will be clear from the figure, it is possible in the multivibrator 3901 to obtain

differential signals 3920 and 3921. Since the oscillation frequency of the signals

depends on the current I supplied to the transistors 3909 and 3910, it is possible to

vary the frequency by changing the current value I. However, since the output

amplitude of the multivibrator is small, it is necessary, in the case where CMOS

15 transistors are employed to constitute an internal circuit, to amplify the output of the

multivibrator to the logical amplitude of the CMOS transistors.

The reference numeral 3903 denotes a level converter of the VCO 1303,

while the numeral 3902 denotes a level shifter which connects together the

multivibrator 3901 and the level converter 3903.

20 In the level shifter 3902, a series circuit consisting of NPN transistors 391 1

,

3912 and resistors 3913, 3914 lowers the differential outputs 3920, 3921 of the

multivibrator 3901 which are input to the respective bases of the transistors 391 1 1

,

3912 by VBe, and outputs the lowered signals 3925, 3924 to the level converter

3903.

25 in the level converter 3903, the outputs 3924, 3925 of the level shifter 3902



34

are supplied to the respective gates of PMOS transistors 3916, 3918 which

constitute, together with NMOS transistors 3917, 3919, a series circuit in which the

gates of the transistors 3917, 3919 are mutually connected to the node between

these transistors 3917, 3919. More specifically, when the current flowing through the

5 transistor 3916 increases, the voltage drop in the transistor 3917 increases, and the

impedance of the transistor 3919 decreases. In this case, the current flowing

through the transistor 3918 is small, and therefore the output 1322 is low. On the

other hand, when the current flowing through the transistor 3916 decreases, the

voltage drop in the transistor 3917 decreases, and the impedance of the transistor

10 3919 increases. In this case, the current flowing through the transistor 3918 is large,

and therefore the output 1322 is high. In other words, since the level converter 3903

performs a push-pull operation, the amplitude of the output 1322 is large.

Thus, it is possible in this example of the arrangement to realize a VCO having

a CMOS-level output.

15 Fig. 31 shows another example of the arrangement of the logic device 1 02

shown in Fig. 1. The reference numerals 3100 to 3103 denote four sub-logic devices

constituting in combination the logic device 102 shown in Fig. 1. The numerals 3104

to 3106 denote interfaces between the sub-logic devices. Each sub-logic device

operates in synchronism with the clock signal 111.

20 Fig. 32 shows the arrangement of the sub-logic device 3100. The reference

numeral 3201 denotes a clock generator, 3202 a logic device, and 3203 an interface

circuit. The numeral 321 1 denotes a clock signal for controlling the logic device

3202. In other words, the sub-logic device 3100 has the same arrangement as the

information processing unit 1002. By adopting such a hierarchy arrangement, it is

25 possible to raise the clock frequency gradually in such a manner that, for example, 1
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MHz is used for the original clock signal 101 1 synchronizing the information

processing units, 10 MHz for the clock signal 111 for synchronizing the sub-logic

devices, and 100 MHz for the clock signal for controlling the logic device 3202. The

hierarchy arrangement enables the machine cycle to be reduced while maintaining at

5 a low frequency clock signals distributed throughout an information processor even if

it is a large-scale one.

One embodiment of the present invention will be described hereinunder with

reference to Fig. 41.

Referring to Fig. 41 , which shows an information processor comprising an

10 integrated circuit fabricated on a single semiconductor substrate, the reference

numeral 1 denotes a semiconductor substrate, 2 a pad, 3 an input buffer, 4 a clock

internal buffer, 5 tri-state buffers each incorporating a diagnostic circuit, and 61 to 68

logic circuit blocks which are controlled by clock signals. It should be noted that, in

Fig. 41 , illustration of diagnostic wirings or the like of the tri-state buffer 5 is omitted

15 (the diagnostic circuit will be described later).

An external clock signal 10 which is input to the pad 2 is formed into an internal

clock signal 1 1 through the input buffer 3. The clock signal 1 1 is formed into a clock

signal 12 through the buffer 4, the clock signal 12 being input to a parallel circuit

consisting of the tri-state buffers 5 which are disposed at the peripheral portion of the

20 semiconductor substrate 1, and the clock signal 12 being delivered through a signal

wiring laid along the peripheral portion of the semiconductor substrate 1 . The

parallel circuit of the tri-state buffers 5 incorporates a tri-state control circuit which

activates a desired one of the tri-state buffers 5 and places the other buffers 5 in a

high-impedance state at the time of diagnosis, to that it is possible to check the

25 operation of a desired one of the tri-state buffers 5 and hence check all the tri-state
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buffers 5. Thus, the parallel circuit of tri-state buffers 5 receives the clock signal 12

and supplies clock signals 13 for controlling the logic circuit blocks 61 to 68 which

are laid in the shape of a ladder inside the semiconductor substrate 1 so as to be

dispersed throughout the inside of the semiconductor substrate 1, and in this case, it

is possible to reliably supply the controlling clock signals 13 in parallel to each other

with the parallel circuit of buffers 5 by activating all the tri-state buffers 5. It should

be noted that, when the parallel circuit is constituted by buffers generally employed

in place of the tri-state buffers 5 each incorporating a diagnostic circuit in accordance

with this embodiment, even if one of the buffers constituting the parallel circuit

normally operates but the other buffers are out of order, the parallel circuit may

assume to operate normally; therefore, the tri-state buffers may not necessarily

operate parallel with each other.

By virtue of the above-described arrangement, the load which needs to be

driven by each tri-state buffer 5 is reduced, and therefore the delay caused by the

parallel circuit of tri-state buffers 5 is small. Further, the time required for the

controlling clock signals 13 to rise or fall is also reduced, which results in a decrease

in the current flowing through the internal logic circuit of each of the logic circuit

blocks 61 to 68. In the logic circuit blocks 61 to 68, there is no clock skew because

they are controlled by the clock signals 13 of the same kind, and therefore there is

no fear of errors in exchange of signals between the logic circuit blocks 61 to 68.

Since the parallel circuit consisting of tri-state buffers 5 is disposed at the peripheral

portion of the semiconductor substrate 1 , noise generated in power supply and

grounding lines when the parallel circuit drives a large load consisting of the wirings

for the controlling clock signals 13 which are laid in the shape of a ladder inside the

semiconductor substrate 1 and the logic circuit blocks 61 to 68 which are objects of
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control is also dispersed to the peripheral portion of the semiconductor substrate 1

,

and therefore there is no fear of a mal-operation of the logic circuits in the logic

circuit blocks 61 to 68. Further, since the parallel circuit of tri-state buffers 5 is

disposed at the peripheral portion of the semiconductor substrate 1 , it suffices to lay

5 wiring for the parallel circuit along the peripheral portion of the semiconductor

substrate 1 , and it is easy to lay the ladder-shaped wiring for the controlling clock

signals 1 3 throughout the inside of the semiconductor substrate 1 . Thus, it is

possible to realize an efficient layout.

This embodiment has the foregoing advantageous effects and therefore

10 enables realization of a high-performance information processor.

The arrangement of one tri-state buffer incorporating a diagnostic circuit will

next be described in detail with reference to Fig. 44.

In Fig. 44, the reference numerals 401 and 402 denote D-type flip-flops (D-

FF's) having a setting function, 403, 405 inverters, 404 a two-input NAND, and 406 a

15 tri-state inverter.

Fig. 45 shows one example of the arrangement of one D-FF, while Fig. 46 is a

state diagram showing the operation of the D-FF. More specifically, when the set

terminal S is "1", the output Q is "1". When the set terminal S is "0" and the control

terminal T is "0", the D-FF functions as a larch which holds the previous value,

20 whereas, when the set terminal S is "0" and the control terminal T is "1", the D-FF

delivers the value at the data terminal D as an output Q.

More specifically, referring to Fig. 44, the D-FF's 401 and 402 constitute in

combination a shift register which is controlled by diagnostic clock signals Ki and K2

so as to shift the content of a diagnostic control data input Din and deliver a

25 diagnostic control data output Dout. When a diagnostic signal M is "0", the level at the
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node 413 is always "1" by the operation of the two-input NAND 404, and the signal

414 inverted through the inverter 405 is "0", thus causing the tri-state inverter 406 to

be activated to deliver the inverted signal of the input IN as an output OUT. The

output 412 obtained by inverting the diagnostic signal M through the inverter 403 is

5 "1 " and input to the terminals S of the D-FFs 401 and 402, and the outputs 41 1 and

D out from the respective terminals Q of the D-FFs 401 and 402 are thereby set to

"1". On the other hand, when the signal M is "1", the state of the tri-state inverter

406 is changed by the operation of the two-input NAND 404 such that, when the

value of the output D out is "1", the inverter 406 is placed in a high-impedance state,

10 whereas, when the output value is "0", the inverter 406 is brought into an operative

state.

Thus, the tri-state buffer incorporating a diagnostic circuit is enabled to be

selectively brought into an operative state and a high-impedance state in accordance

with the signals Din , Ki, K2 and M.

15 One example of the arrangement in which the tri-state buffer incorporating a

diagnostic circuit which is shown in Fig. 44 is employed to realize the above-

described parallel circuit on a semiconductor integrated circuit will next be described

in detail with reference to Fig. 47.

In Fig. 47, the reference numerals 701 to 703 denote tri-state buffers each

20 incorporating a diagnostic circuit. The respective terminals K1f K2 , M, IN and OUT of

the tri-state buffers 701 to 703 are connected in parallel to input or output clock

signals Ki\ K2
' for a diagnosis made in the semiconductor integrated circuit, a

diagnostic signal M' and clock signals 12, 13 which are input and output signals

respectively, in relation to the parallel circuit of tri-state buffers each incorporating a

25 diagnostic circuit. The terminals Din and Dout of the tri-state buffers 701 to 703 are
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connected in such a manner that control data D for a diagnosis in the semiconductor

integrated circuit is input to the terminal Din of the tri-state buffer 701 , the terminal

Dout of the buffer 701 is connected to the terminal Din of the buffer 702, and the

terminal Dout of the buffer 702 is connected to the terminal Din of the buffer 703,

5 thereby series-connecting the tri-state buffers constituting the parallel circuit. More

specifically, since the terminals Din and Dout of each of the tri-state buffers 701 to 703

constitute a shift register controlled by the clock signals Ki and K2 , D in and Dout of all

the tri-state buffers 701 to 703 also constitute in combination a shift register which is

controlled by the diagnostic clock signals K-T and K2
' so as to shift the content of D.

10 The following is a description of a diagnosis made in order to check the

operation of each of the tri-state buffers incorporating respective diagnostic circuits

and constituting a parallel circuit which is realized on a semiconductor integrated

circuit, as shown in Fig. 47. The description will be made with reference to Fig. 48.

Fig. 48 is a time chart showing the operation of the arrangement shown in Fig.

15 47.

When the signal M* is "0", all the tri-state buffers 701 to 703 are activated.

Data "1" is written in the shift register provided inside each of the tri-state buffers 701

to 703. Accordingly, the tri-state buffers 701 to 703 are driven parallel with each

other so as to deliver an inverted signal of the signal 12 to the line 13.

20 When the signal M' is "1
", the state of the tri-state buffers 701 to 703 is

determined by the data Dou t. whereas, when the signal M' is "0", all the bits of data

are "1". Therefore, all the tri-state buffers 701 to 703 are brought into a high-

impedance state., and the state of the line 13 is undetermined.

When the signal D is at "0", if the signal KV is input (i.e., ICT is changed from

25 "0" to "1" and then changed back to "0"), "0" is written in the first stage of the internal
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shift register of the tri-state buffer 701 , whereas, if the signal K2' is input, "0" is written

in the second-stage of the internal shift register of the tri-state buffer 701 . More

specifically, since the signal D^ which is the output Dout of the tri-state buffer 701 is

"0", the buffer 701 is activated alone. Since, at this time, the tri-state buffer 701

5 alone is driven with the signal 12 input thereto, it is possible to check the operation of

the tri-state buffer 701 by confirming that, when the data on the line 12 is set to "0" or

"1", the data on the line 13 is "1" or "0", i.e., the inversion of the data on the line 12.

Next, if D is changed to "1" before the signal K-T is input and the signals KV

and K2 are then input, data "0" is written again in the shift register of the tri-state

10 buffer 701 , and the buffer 701 is therefore brought into a high-impedance state.

However, at this time, data "0" is written in the shift register of the tri-state buffer 702

having the signal data D-i already input thereto. Accordingly, the signal D2 is

changed to "0", and the tri-state buffer 702 is activated. Thus, it is possible to check

the operation of the buffer 702.

15 Thereafter, every time the signals KV and K2
' are input, tri-state buffers which

are to be activated are sequentially shifted, and it is therefore possible to check the

operation of all the tri-state buffers.

Thus, according to the diagnostic circuit and diagnostic method according to

this arrangement, it is possible to activate all the tri-state buffers using the

20 semiconductor integrated circuit diagnostic signal M' only. Therefore, it is easy to

control tri-state buffers each incorporating a diagnostic circuit when they are

employed as clock drivers. At the time of diagnosis, a signal for controlling the

state of each of the tri-state buffers can be successively shifted so as to be supplied

to the buffers in response to the diagnostic clock signals Ki' and K2\ Accordingly, it

25 becomes easy to check the operation of the tri-state buffers and it is possible to
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reduce the time required to complete the diagnosis.

Another embodiment of the present invention will next be described with

reference to Fig. 49.

In Fig. 49, the same reference numerals as those in Fig. 41 denote the same

portions or functions. The arrangement shown in Fig. 49 differs from that shown in

Fig. 41 in that logic circuit blocks 91 1 to 918 are controlled by two-phase clock

signals 921 and 922 and therefore each clock supply circuit is constituted by a two-

phase clock generating tri-state circuit incorporating a diagnostic circuit. The

operation and effects of this embodiment are similar to those in the case of the

embodiment shown in Fig. 41.

The arrangement of one two-phase clock generating tri-state circuit

incorporating a diagnostic circuit will next be explained in detail with reference to

Fig. 50.

In Fig. 50, the same reference numerals as those in Fig. 44 denote the same

portions or functions. The arrangement shown in Fig. 50 differs from that shown in

Fig. 44 in that first inputs and outputs of tri-state two-input NOR circuits 1002 and

1003 are cross-coupled and second inputs of the NOR circuits 1002 and 1003 are

respectively supplied with complementary signals, i.e., an inverted signal 1011 of IN

by an inverter 1001 and IN. Accordingly, when both the tri-state two-input NOR

circuits 1002 and 1003 are in an operative state

there is no possibility that both the outputs Ci~~and C2~of the NOR circuits 1002

and 1003 will be "1"; when one of them changes from "1" to "0", the other infallibly

changes from "0" to "1". Thus, non-overlap two-phase clock signals are generated.

The other operations of this arrangement are the same as those of the arrangement

shown in Fig. 44.
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One example of the arrangement in which the two-phase clock generating tri-

state circuit incorporating a diagnostic circuit which is shown in Fig. 50 is employed

to realize the above-described parallel circuit on a semiconductor integrated circuit

will next be described in detail with reference to Fig. 51

.

5 In Fig. 51 , the same reference numerals as those shown in Fig. 47 denote the

same portions of functions. The arrangement shown in Fig. 51 differs from that

shown in Fig. 47 in that two-phase clock generating tri-state circuits 1 101 to 1 103

each incorporating a diagnostic circuit are employed to constitute a parallel circuit

and data can be input to two-phase clock signal lines 921 and

10 _
922 from Ci and C2 through tri-state inverters 1 106 and 1 107. More

specifically, when the signal M' is "0", an output node 1111 is placed at "1 " by the

operation of the two-input NAND circuit 1 104, while an inverted output 1 1 12 is

15 placed at "0" by the operation of an inverter 1 1 05, so that the tri-state inverters 1 1 06

and 1 107 are brought into a high-impedance state, whereas, when the signal NT is

"1", if a two-phase clock control signal N is "1", the output node 1111 is "0", while the

node 1 1 12 is "1", so that the tri-state inverters 1 106 and

20 1 1 07 are activated to output inverted signals of Ci~and C2lo the lines 921 and

922, respectively.

Confirmation of the operation of each of the two-phase clock generating tri-

25 state circuits constituting the parallel circuit is carried out in the same way as

in the case of the first-described embodiment. Therefore, the method of setting

the two-phase clock signals 921 and 922 on the basis of Cilind O^will be

30 explained hereinunder with reference to Fig. 52.

Fig. 52 is a time chart showing the operation of the arrangement shown in Fig.
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51.

When the signal M f

is "0", all the tri-state circuits 1 101 to 1 103 are in an

operative state, while the tri-state inverters 1 106 and 1 107 are in a high-impedance

state. Accordingly, the signals 921 and 922 are non-overlap two-phase clock signals

5 and these signals are supplied parallel by the tri-state buffers 1 101 to 1 103.

When the signal M' is changed to "1", all the tri-state buffers 1 101 to 1 103 are

brought into a high-impedance state, and if, in this state, the signal N is "0", the tri-

state inverters 1 106 and 1 107 are also placed in a high-impedance state, so that the

signals 921 and 922 are undetermined.

10 When the signal N is changed to "1", the tri-state inverters 1 106 and 1 107

are activated to supply inverted signals of Ci and C2 to the signal lines 921 and

922. Thus, it is possible to realize desired data on the signal lines 921 and 922
15 _ _

in accordance with the data of Ci and C2 . More specifically, it is possible to set

a clock state (e.g., a state wherein neither the signal 921 nor 922 is "1") which

cannot be realize in the two-phase clock generating tri-state circuit shown in Fig. 50.

20 Accordingly, it becomes easy to check the operation of the logic circuits controlled by

the signals 921 and 922.

According to the present invention, a clock generating means for generating

at least one clock signal Ki which is phase-locked with an original clock signal K is

provided inside each of the information processing 3inits constituting an information

25 processor. Therefore, it is possible to synchronize the information processing units

with each other.

Since the clock generating means according to the present invention

generates a clock signal Ki having a predetermined duty cycle, it is possible to

generate a clock signal having a precise duty cycle. Since it is necessary to
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distribute the generated clock signal only within each information processing

unit, it is possible to distribute within a logic device a clock signal Ki having a

minimized clock skew and a minimized duty cycle fluctuation.

Further, it is possible according to the present invention to synchronize a low-

frequency original clock signal supplied from the outside of an information

processing unit with a high-frequency clock signal inside the information processing

unit, it is therefore possible to maintain the external original clock signal at a low

frequency while improving the machine cycle of the information processing unit.

According to the present invention, all the logic circuits in an information

processor which are controlled by clock signals are supplied with these clock signals

in the form of outputs of a parallel circuit consisting of tri-state circuits each incorpo-

rating a diagnostic circuit. Therefore, it is possible to eliminate the clock skew,

reduce the clock signal delay time and shorten the time required for the clock signals

to rise or fall. Accordingly, it is possible to reduce the time margin for prevention of a

malfunction due to clock signals in the information processor and hence raise the

frequency of the external clock signal.


